Abstract-In this paper, a simple design of wideband rectangular patch antenna is presented by using asymmetrical feed and a reduction in ground plane with proper gap distance. The frequency-dependent characteristic impedance included in the proposed procedure is addressed to eliminate possible errors in the high-frequency broadband applications. The antenna proposed in this research provides 2.3GHz bandwidth (frequency range: 0.9GHz -3.2GHz) which can be utilized in various broadband applications such as remote sensing, biomedical and mobile radio. The proposed procedure in this research is compatible with CAD applications and is valuable contribution as it permits quick and easy design for RF engineers.
I. INTRODUCTION
In mobile communication antenna design, the antenna has become an integral part of the mobile devices. To achieve this goal, the antenna for mobile sets must be small, flexible, and efficient. Rectangular microstrip patch antenna is one of the most utilized antennas because of its low cost, low profile and omnidirectional radiation pattern. A narrow bandwidth and low gain are main drawback of this antenna [1] . Higher bandwidth is desired in various applications such as remote sensing, biomedical, mobile radio, satellite communications etc. In order to improve the bandwidth, intensive research has been carried out and several techniques are proposed.
"The conventional methods for broadening impendence bandwidth are the following: modified shapes of the radiation element, partial ground plane feeding structure, inserting capacitor between the patch and the ground plane, inserting chip resistor between the patch and the ground plane, inserting a chip inductor " [1] .
However, most of these antenna designs are either too complex or impractical for practical applications in GHz frequency range. The difficulty in designing a simple and compact antenna with broadband or multiband functions is still a challenge for engineers since the complexity and size of the antenna's structure is reduced and the operating frequency bands increase. As mentioned earlier, there is extensive literature that presented the design of broadband This paper presents a low cost and easy to fabricate microstrip patch antenna [2] . Moreover, in this research, the frequency-dependent characteristic impedance included in the algorithm is addressed to eliminate possible errors in the high frequency [3] .
II. MICROSTRIP ANTENNA DESIGN
Microstrip antenna consists of dielectric substrate located between the radiation patch on top and ground plane on other side as illustrated in Fig. 1 .
The patch is made using conducting materials like copper and gold and can be made into any shape. However, the radiating patch and feed line is etched on dielectric substrate [4] . For simplicity of analysis, the patch is generally square, rectangular, circular, triangular, and elliptical or some other common shape. For a rectangular patch, the length of the patch is usually in the range of 0.3333 0 < < 0.5 0 , where 0 is the free space wavelength. The patch is selected to be very thin such that ≪ 0 (where is the patch thickness). The height of the substrate is usually 0.003 0 ≤ ≤ 0.05 0 . The dielectric constant of the substrate Є is typically in the range 2.2 ≤ Є ≤ 12 [3] .
"For an efficient radiation a practical width of the rectangular patch element is" [5] 
where, " is the wave length, (in Hz) is the resonant frequency, and are the length and width of the patch element, in cm, respectively and is the relative dielectric constant" [5] .
To include the effect of high frequency in the procedure, the concept of microstrip-based Cole-Cole diagram is adopted to create frequency-dependent (lossy) characteristic impedance.
Prior to analyzing the frequency-dependent variables, the capacitance parameter in microstrip-line system should be analyzed. The capacitance per unit length of the classical parallel-plate capacitor is [6] :
"A simple frequency-dependent capacitance of the parallel-plate capacitor can be expressed in any frequency-dependent attributes of ε which is" [5] = 0 * . Therefore,
Referring to the equivalent Cole-Cole diagram deduced for a parallel-plate microstrip line in [7] is substitute into Eqn. (8) . Hence,
where = 0 / . For simplicity, the coefficients of Eqn. (9) are defined as follows: 
In general, the characteristic impedance of a transmission line is given by , the frequency-dependent capacitance of Eqn. (9) is replaced into the capacitance ( ) in Eqn. (13). Therefore, frequency-dependent characteristic impedance is [6] 
Microstrip patch antenna can be fed by either two methods, contacting and non-contacting [9] . For contacting method, the RF power is fed directly to the radiating patch using microstrip line as a connecting element. Whereas non-contacting method, electromagnetic field coupling is conducted to transfer power from microstrip line to radiating patch. There are four most commonly used techniques which are microstrip line, coaxial probe (both contacting schemes), aperture coupling and proximity coupling (both non-contacting schemes).
In this research microstrip line feed technique is adopted for the proposed antenna as shown in Fig. 2 . The technique used is such that the conducting strip is connected to the edge of the microstrip patch. "The conducting strip is smaller in width as compared to the patch. This kind of feed arrangement has the advantage that the feed can be etched on the same substrate to provide a planar structure" [10] .
An inset cut can be incorporated into the patch in order to obtain good impedance matching without the need for any additional matching element. This is successful if the inset position is properly controlled. It provides ease of fabrication and simplicity in modeling as well as impedance matching. "However as the thickness of the dielectric substrate increases, surface waves and spurious feed radiation also increases, which hampers the bandwidth of the antenna" [10] . This type of feeding technique results in undesirable cross polarization effects.
The gap between the ground plane and the patch is called the feed gap denoted as " ", which is a critical parameter for controlling antenna performance. The microstrip patch antenna dimensions are calculated: width of the patch ( ), Length of the patch ( ), width of the substrate ( ), Length of the substrate ( ). It is observed that as value of g increases the antenna impedance, bandwidth (BW) and antenna radiation efficiency ( ) also increases. 
III. RESULTS AND DISCUSSIONS
In this paper, a rectangular patch antenna dimensions are optimized using an in-house MATLAB program by using the asymmetrical feed and a reduction in ground plane with proper gap distance technique from the reference [11] . The proposed antenna is printed on a FR-4 substrate with the thickness = 1.6mm and permittivity = 4.4 and fed by a 50Ω microstrip line which is located at a distance from the central axis for better impedance matching.
The shape of the patch, position and width of feed line and ground plane dimensions are obtained to achieve 10dB impedance bandwidth. The dimensions of the proposed antenna are listed in Table I . Indicated in Fig. 3 , the bandwidth obtained for optimum value at = 5mm is 2.3GHz (frequency range: 0.9GHz -3.2GHz).
IV. CONCLUSION
A simple design method of broadband rectangular microstrip antenna is introduced. In this paper, we propose a procedure to design a broadband rectangular patch antenna by using asymmetrical feed and a reduction in ground plane with proper gap distance to improve the bandwidth. The antenna in this research can be used in various broadband applications. The method proposed in this paper is fully compatible with computer-aided microstrip design. 
